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(54) COATED CUTTING TOOL AND ITS MANUFACTURE 

(57)Abstracfc 

PURPOSE: To enhance wear resistance of a coat itself and to increase separation resistance of the coat at the time of cutting by 
specifying a chlorine content of an inner layer when an innermost layer, which is in contact with a base metal, of a coating layer of a 
coated cutting tool is constituted of titanium nitride carbide. 

CONSTITUTION: In a coated cutting tool suitable for high speed cutting, a coating layer consisting of an inner layer and an outer layer 
is formed on a surface of a base metal consisting of tungusten- carbide— group cemented carbide, titanium— nitride— carbide— group 
cermet, silicon— nitride— group ceramics, etc. In this case, the inner layer is constituted of either a single layer of titanium nitride 
carbide, which is in contact with the base metal, or two or more layers consisting of titanium nitride having a thickness of 0.1 to 2.jum 
which is in contact with the base metal, and titanium nitride carbide existing right above the titanium nitride. Meanwhile, the outer 
layer is constituted of single or multiple layers of and one or more kinds of elements selected from aluminum oxide, zirconium oxide, 
hafnium oxide, etc. In this case, a chlorine content of the inner layer, as a mean value of the inner layer as a whole, set at 0.05 atomic 
percentage or under in order to increase separation resistance. 



(19) B^m^Wtfr (J P) (12) §B 4# 1+ ^ $S < A > OOfWttlMBMMt** 

^88^7 — 100701 

(43)^^ 0 ^rfc. 7 ^(1995) 4 18 0 



(51) IntCl. 6 




F I 




B 2 3 B 27/14 


A. 9326— 3 C 






B 2 3 P 15/28 


A. 7528— 3 C 






C 2 3 C 16/30 






- 


28/04 
















(21)fflJg|3B^- 


^Kg^Pe— 110811 


<7i>msiA 


0O00O2130 










(22) mm B 


^P^6^(1994) 5^250 




^K^^ISm^^^fc^ETg 5#33^ 






(72) mwm 




(31 ) ®3fc*g^3g^-^ 


4#^P5— 128713 






(32)e5r5fe0 


¥5 (1993) 5 ^31 0 






(33)fii5t«i^3SH 


( J P) 


(72)^ggg^ 




(31)«3fe«^5g^-^ 


4^^^5—197240 






(32)fil5fe0 


*P 5 (1993) 8^90 






(33)fii3fe#£^3ga 


0^: (J P) 


(74)f^3SA 


#a± P^ffl M (^2^&) 



(54) imm<o^^ mmwrnniMZz^evymmmM 



(57) C3?^l 

0 . 1 ' — 2 jtt mW^?^ > ^ ^CDilLJhCD^^fc;^ 



^ ^ =. r> ^ S-fe 75y^X«J:O^S ^r^co^® JCPM^^ 

Sgffc^^ >-CDWS t> U< «^^^S^r^JS^ O . 1—2 

At mCD^fk^^ >- t-ecDlfll-HCD^t^fk^^ > <h OHlg 

rc^^^-co^t^ m4k®>. ^*>^fk^ ^ 

^^^^^ eM«ns-a^Jb^s^nfc#s^T 

iErmm&ttm^k&cD^xs-c o . o 5igr?5*;JBJrF~c^-£> ;n 

ifigsr^ratffo. o sim^9i;£JrF-e&>z>z.2z&i&m2z~r 

z^comm % u< kj^M <t^-r ^ jp;* o . 1 — 2 

comity ^-fk^ vk^\\L\Sfo, 7fr*?^4Z®i. * 

^^mk^a^^fcrn^— msi-tL&mm^nxig'mm-e 

Z*. Ig-fk/N^-^^ £^fk^^>% £«ffc^^;>* ^ik 

tXTTJ^^^SI^^Jni^t^V^-C, atrial** ^grr^E^ 
i&^d? Z^Z*.\3:m:tt2z1£~rz>m~£ 0. 1~2 ^m(D^jb^ 

z^<nw.±-<nmmfc^& zs\z.&n&^mm¥x& 2 0 = 2 

( 2 2 O) @lt©lP^S^3 0 0 —60° 

<hk 1) comm\±—^^mco^wr\ (hk n 

(2 2 0) ®CDfcT — (2 2 0> <t<Z>J±;5?SI (h 

k 1 ) / I (220) CD^ffr^tt^mZb^W^^AK^*? 
Zs^Mfr O — 3 Mm^W¥^T 
2. 5^1 (hk 1) / I (2 2 0)^7. 0 ^?ab 
^^>@*J^ffl^^Vi«^t^>^®^e 0~2 0 jLtm 
^TfCD^i^T? 

2. 5^1 (hk 1) / I (220) ^15. O^Cab^ 

rang^ ^m~r^>m^ o. 1 ~2 Mm©^b^^>©a± 
<^>^^k^^>^^^-c. ximmiijffte 2 0 = 2 o 0 — 1 



( 2 ) 7—100701 

2 

4 0° c^r^fciei^f fc!— ^a^n^M^^ts. (2 2 0) 

®<hCDBn5H^ilf#* 3 0 0 —6 0° ^ab^SpS (h k 1 ) CO 
lal^f fcT— ^3&^c7>&ffh I <h k 1 > (2 2 0) MO 

1 (220) tcoj^^ 1 (h k 1 > / 1 (2 
20) o^as^^^M^^v^^rk^^^^m^e* o~ 

3 um^TOTOT 

2. 5^1 (h k 1 ) / I (220) =^7. 0 ~Cab 
£^®r**^OT;fe^v*Ki:^fk^^ >-^®^e» 0 — 20 /zm 

2. 5^1 (h k 1) / I (220) =^15. 0^£fe^» 

m4£^&z^comm¥>is< tern:** 2zm-rz>mts o. 1 — 2 

e ^gfisams^u < co^^Yk^^ >-cojb 

a? *c5P^>-cdeSHI:4£k ^k^> m^Atm, ^^^k#j> ^ 

z,. ^A7-r>A, ^k^^>-. ^^k^^>-. ^ik 

e^i^n^— a^jbcom^3t^^s^^?^j^^ 

^k^^>-3C^^:^fai^-r^^^ 0. 1—2 /zniCO^Yk^ 

^>-cDiS:JtcDj^^k^^>cox^ielifffz:*5^-s (31 
1) riico tr— ^75^^^ 1 oil). (220) sacotr 

— ^^^^ I (2 2 0) tUctt, I (3 1 1) / I 

5» (220) com&. mtt3zm&>^>^\~£^Ak^$r z^mm^ 

0 ~ 3 Atm^-Z?CD^F^^ 

O. 5^1 (311) / \ (220)^1. 5^?abD> 

fr^mtt^m&&w^^i\z^i? z^mmfr*> 0 — 20 

^^CCD^pi^^e 

O. 5^1 (3 1 1> / I (2 2 0) ^ 6 . O f 2b^> ^ 

«Wt^-r^^$ 0 . 1—2 AimCDmk^^>-CDifi:JL 
CO^^k^^^-tC^Vi-C. X^IM^ffC^^^ (3 11) 
40 mcD\Z—t?^&m I (3 1 1) t (2 2 O) tSCDtf — 

1 < 2 2 O ) i CDttm I (311) / I (220)CD 

^ VH*^t;^^ >SM^ 5 0 ~ 3 Atm 

^-CCD^Fi^-C 

0. 5^1 <3 1 1 ) / I (220)^1. 5 ~Cfe 
^^>«:«S®afe^^«^k^^>'^®^e» 0 — 2 O Atm 
^~CCD^pi^? 

o . 5^1 (311) / i (220) ^ 6 . o-eab^s^ 
<h *4#^^-T^g#jR^ 1 ^c^L4 coVi^-*T^tciSB^co«E 

50 CfS^^73 ^Yk^>^^v->'S@^!'&^, j^^k^ 



— 2 — 



3 

z^oimm^Ls < teMtt^m-r&m^s o . 1 — 2 

it^&Zs^tV&l&tt^m-r&m-is O. 1—2 /im©^^ 

^ ^c^>ia:_t^^^ifc:^^ >©x^iHi#ftc^^^ ( 1 1 

1) Mco^—^B^m^: 1 (1 1 1). (2 2 0) ®CDfc? 
— I (2 2 O) <tU;fc<ti^. I (1 1 1) X I 

(220 com&. 

O — 3 Mm^-CiZ^i^T? 
1. O^I (111) XI (2 2 0)^4. O^i&D. 
#v^^^^M^^>V*«^ifc;^^^^®#><£> 0 — 2 0 Mm 

1. O^I (111) XI (2 2 0) ^ 8 . O ~C$>^> d 

temtt ^m-r&m^ o. 1 — 2 /xm©^b^^ ^com^: 

OO^^ik^^>tCi5V^~C. X^lHl^f tC43^^> (111) 
MOOtT — ^3t^I (1 1 1) t (2 2 0) MCDtf— 
IS I (2 2 O) t<Z>hfcs$J 1 ( 1 1 1) X I (220) CO 
^^ffl^S^^t;?^ O ~ 3 

1. 0^1 (111) XI (2 2 0)^4. 0 
mm&Z>^\3L^4k^$'2<'^:mfriE> O ~ 2 0 /zmST©^ 

1. O^I (111) XI (2 2 0) ^ 8 _ O-Ci&^Cl 
^ ^ — J* ^-fc: ^ ^ y & ^ cfc D ^ 00^® frc P^m^L 

^it^^ t> u < K£iaM<t*3nr^/^^ o . i~2 

z^jz\3imtt^i£~rz>m-2£ o . 1 — 2 /im©^^ 



( 3 ) ^mm^ 7 — 100701 

4 

z^<?>m.jtcD&3L^it^-57 zscD^mmtfti^zm^ (3 1 

1) MCDfcT— 1(311), (111) ®cotr 

— ^3&^£r I (111). (220) ffl©tr-^^S: 

i (220) aiu^-ti^. {i (111) +1 (31 
1 ) } x 1 (220) comfit mtt^km&>z>w3L&ib? : - 

&Zs^ffiff±*> 0 — 3 MmS^(D-TO^ 

2. O ^ { I (111) +1 (311)} XI (22 
0)^5. 5 -T?$> ^ V^3^4b=P^ 

O—2 0 /im$T©^'C 
2. O ^ { I ( 1 1 1 ) + I (311)} XI (22 

0) ^14. o~cab^> ^ii^r4^m<ii-r^>M^e)^JiE:Mo 

im^m 1 03 ttrffiF^isco^^f^^-r^^^k^^^ 

^te^M^^^r^M^ O . 1 — 2 /im©^^ ^CDia 

-bcD^^k^^^jc^vi-r. jcmmsffi\^3?itt& (3 1 

1) Mcotf— &5&mi (3 11). (11 1) ®0Dfcf— 

fs&m. 1 (111) (2 2 0) m<r>\i—^^m. 1 

(2 2 O) <E>M*£:i£ {I (11D+I (3 11) } X 

i (220) cvm&. M^^m^>^>^v^^it.^^ z^mm 

jfa 6» 0 — 3 ul m^^?CD^i%~C 
20 2. 0^{I (111) +1 (311)} XI (22 
0) ^5. 5 ~C&>K). ^-P W^Mfe ^5 ^fc^ 1 ^ > 

O — 2 O £t m^-CC7)3pi£rr 
2. 0^{I (111)4-1 (3 11) } X I (22 

o) =£14. o^2fe^^aiSr^^feai"r^)^^«i3^v^u 

mM>&m 1 13 ta^p^^^^tj-t^-r-s^^b^^^ 
3us:^;fcf <t^-r^>^^ o . 1 — 2 m m©^^^ z^<^m 

im?Rm 1 23 mrsa«*f^^ifc:^^^^5F->S)®^^- 
1 3 1 mmt**m%cLZfi*vfm<z>^mmm& 2 — 1 

0 O tcrn~T?£>^>Zl^&'gfm^-$-^>m^m l ^V^b 1 2 <7) 

^^b^^ < i3.mtt^m~rz>m^ o. 1 — 
5» Yt^^ >^ e>^k£n;£>— sm_tcc>^S3c«^a®-T?^^ 



(4) 

5 

tsrt^te&i&mwmniM&w&m^&^mizL&^-c. mm 
mtt^m-rz>m^kzF& z^^te-F^tt^m-r^m^s o . 1 
~ 2 ix, mco^t:^^ ^coiai-tcD^^t^^ ^=&^s-r ^ 

^mmrF-eff^Jt^mmzkizi^v. 800 — 95 o-c<z> 
mum*. 

^ y K ^b^^S^r^^ ^t7^JZ.\^mik 10 

£s^b^^ z^o^-m^i^ < temw^m-r&p?^ o. 1 ~ 

JiJc^^^co^Hb^ ^fb4&> ^^b^> 4^^fb12K 

ts*i^te&mmwmnim&mm^&Jjm\^33^~v. mm 
m*i^ig-rz>m^4£zr& z^jc^mm ^m-r^>m^ o . 1 
~ 2 mco^b^^ >con:_hco^3?<b^^ ^^S^M^r ^» 
^Sttr. ^^>^tu*rra^b^^^ ^^^^i: 
u^^^CN-fb^4^ffiv>^4b^g«£t~«£D> 950 
— 10 5 OrcOffiMfflTMSr^ ^1 <ii^:^^^-r^>M 

M iigTT Z>m^£ O . 1 ~ 2 u. mCD^fb^^ ^COiSJtCO^ 

8 0 o ~ 9 5 o"ccom^46aT?«ES-r-sei t^r^m 
t-r^issfcjst 1 j^^b 1 3 <o\,*-rrLfriz.mm<z>mmwm 

im?nm 1 7 ] ttrie^fet t^grr^^^fb^p^ ^zstkj^ 

ttlzfg-r&m^O. 1 ~ 2 m mco^fb^^ ^CDiiCJicO^ 
4b5F^>, U^^^CN*b^4^fflv^4b^ 

^§^^fc^o> 9 5 o~ 1 o 5 oxze>mmimm-e&im-r 40 
set t-r s^^s 1 ^ 1 3cz>vvr*xaMct3 

[000 13 

himazs^t commit m i^m-rz><, 
[0002] 

^ -y— h^ir^5y^(O^S«^^> (T 50 



^fBi¥7 — 1 O O 7 O 1 

6 

[00 033 ziniE><z>wmwmniM^3$^~c. -^comm 
^^^^com,m^^msLzsm^]^^^>^>. — «st-> ma 

V Dffi^y^XTC v D^tc i^^b^^ >-^>^b^^ 

(TIN) COl&jm^^*? ^M^Ls-Cmm.lk^F$r > (T 

i c 1 4 ) , ^^tbT^^> cc H4 ) , mmmzi 

"^imS^ vol. 40. No. 10> 1 9 8 9, p 
5 1 — 5 5 " 5tr^> ^B5^#f, vol. 40. No. 
4. 1 9 8 9, p33~36"^SS. ^ICO^^^^ 

[O O O 4] #W¥4 — 1 3 8 7 4^£^Sfd&3u 

^b^^ V^S^JC*3ViT'S«:^M^e» O. 5 wm*jS 
©^T^^WS^ O. 025 — 0. 055 
0. 5 /zm^_hcoSP^T?0. 0 5 5—1. 

^>-S:r^^^ag^u-r^^>^^cD^si^^ (C) t^: 

mm u~cv^ct3-t*, mm.4&^& i^mm i&-rz>m.m (c 

<^H^^^^<£~F^13:^>cO"C^^U< J^V^^ O. O 5 



— 4 — 



7 

\z.mfem-mmsre o. 025 — 0. 055 t 

^ mrir^tttt-e o . o 5 sm^^&.jz^^^ 2m 

COSS^S^m^i^^-h^ £: « V * fS. V* t> (£>~C &> ~=> Tcz o 
[O O O 51 ^CVDfeiCiSSSl^Wd 

^1 cfc ^ oD^m &> & v> fci^st/^fs^-r ^> m^nb*0> 

^cofcfc^Jgfc* (2 2 0) MJc:3S<garRjU-CV^^»?li:^^I 

^>nrv^ (p^ifeM^^^ ^4 1 sse^-, 1 9 

7 7. P 5 4 2 ~ 5 4 5 ^§0 (220) p£fci^*g^! 

^^^>^ o ^^^s^g-c^-s^ 6 o o t cjejrFtc*5v*-cra: 

[OOO 63 gfrfB CD 77 }0 13 .fc ^ fS3^ ^r^^-T -S> fe(Z)<hb 

rrth-hu^ cc H3 cn) ^cow^cN4b-&4fc^ 

S^tX-CV^^> (^^00 5 0- 1 1 7 8 0 9, ttmtm 5 O 
- 1 O 9 8 2 8^&^2^gfc<>f) o CZCD^fj*^ ^Sfeco^fc 
CVD^fCit^T, ^^^Vita^^on— ^^tpj 
m~C£>&^ -^fc^SCVD^ (MT-CVD 

$£) t^^nT^^. ^©fiCVD^ (^SCVD 
$fe ; HT- C VD^tttS) ^&tfim<r>M 

^1000 1 o 5 0*0 t^^^r^x. e»tT^„ 4# 

V^^iT^^rt^^^JX-CV^o e:n^UTMT-c 
VDSfcte. tSMJ®^^^iS< (8 0 0*0—9 0 0 

co 00 73 t^^a*. -^mmm^fAmm.i\^^^^ ct 

I CN) J^^^SU7^^®^fe^f#fc^V^W^<£iga£> 



(5) M3p7-1 0 0 7 0 1 

8 

^g^-^^M^ScD^'gr^S-r^^n/^h (Co) wmiSz 

S^U^c ^ <Z) cfc -3 ^^8i^^cD^^fcii£]g| ^fcf £l CO 
-r*^t^ MT - C VDjSH J:^MaMXM<D^ 

f*jj§£: O . 1 ~ 1 . O it mCD^lt^^ > £l LfcM)@® 
^fe^>Bf?^^*X-CV^-2>#S (^ggP36 1— 170559 

[O O O 83 Wco IeJ ^ ^> fSjgl 

[O o o 93 

CO O 1 03 ^^g^cogglt^ >yXr>SS^ 
40 & ^JZLteMlkyjls^. -^AS-fe: ^ 5: ^ ^ ^ cfc D ^r-S^W 

O. 1 ~ 2 ^mco^ib^^ ^t^E-coT^C-hco^^ib^ 

^ ^ t co— a^3?:«^ e» tc^sa^jg u < 
^b^^xoj^fc^^^co^b^ ^Atm. 
^*>^fb«&. 5jx^^^Yb^j^^jH«tx-5>— ^JEJL-fc^^SI 

Hjkv^n-OA, ^ib/\^^iO^. ^b^^^. 
ib^^^, ^Yb^=-^>^e»M«tx^>— am-fc<om®3?:« 
50 ^m^-c^Jc^tx-c/^^^M^^Jin^^^v^-c. ^cco 



9 

(1) (13) com^^^-r^^m^m^im,^^ 

o. o 5 m^-%&rF-?&>^> <t ^^tt^ss^fjx 

(2) ^gep^^co^^t^-r^^^b^^^tc^^^ia 
^^^ra^^iaMt^r-s^^ o. i ~2 Mm©»? 

[ooii] o) Mga^^t^-r^^^-fb^^^^^ 

S:«tS|-r^»^ O. 1 — 2 Mm(D^ti^>©lt±(Z> 

m^^^^^\^^^^>xm\m^fM2 & = 2 o° ~i4o 

° OWtClel^Ttf— ^*^rL^ > ®0'5^> (2 2 0) ®t 
<Z>®Ri3^££a*3 0 ° —6 0° ~e&Z>m (h k 1) coiel^f 
fcf— ^3&^<Z>-&tf- I (hkl) t> (2 2 0) ®©t!- 

I (2 2 0) ZzCOVbm I (hkl) / I (2 2 
0) ©ffi^S^® S tt^ft:^^ ^ 0 — 3 

2. 5^1 (hkl) / I (220) 1^7. 0~C^D> 
#^««^®^^W*^ffc;eP^^g®7^£> 0~2 0 Mm 

2. 5^1 (h k 1) / I (220)^15. 0~T?&Z> 

(4) MS^IS©^ tgfT^M^?^ 
m-T^>m^ 0 . 1—2 m m©^^^ ^<£>IiL_fc<Z>^t^ffc 
>-tC*5 V^-C> X*§l[Hl#r^ 2 £? = 2 O ° ~ 1 4 O ° CO 

fmfcmim\±—&&mnz>m<o : 5^^ (2 2 o) m^<om 

\m&m& 3 0° ~ 6 O ° ~V£>Z>W (hkl) coiHliffhf— 

^^^<o-&tt 1 (h k 1 ) (220) ®<z>tr— ^sa 

MI (2 2 0) ^CDttm I (hkl) / I (220) CD 
ffi#S^M^®^^V*fc£^fi^^>^®:frie> 0 — 3 Mm * 

2. 5^1 <h k 1) / I (220) ^7. OTfeO, 
3&^^t#^ffi^^V*fc£^>rt^^^i5OT7^^ 0~2 O/zm 

2. 5^1 (hkl) / I (220)^15. OTfeS 

iz <t ^^^^-r^Hrrta (i) (2) o^s^bo: 

Mo 

[0012] (5) s&fa^:M^ei-r^>^^'fc^^^3ttt 
Mtt^m-r&mts o. 1 ~ 2 m m©^^^ 
m^it^^ ^v>xLm\mifri-3si~T& (311) m co if— ^7 
1 oil), (220) micoif—^^m^: 1 

(2 2 0) 2z\^T^2z^, I (3 1 1) /I (2 2 0) CO 
^^ffi&SVi^b^^^^f) 0~3 /im 

0. 5^1 (3 11) / I (220)^1. 5~Cife9, 
#^^**^®^^V*l;*^>fl^3^^®^£> 0 — 2 OMm 

O. 5^1 (3 11) / I (220)^6. o ~edr>z> ZL. 



(6) 4^W7 - 1 0 0 7 0 1 

10 

(6) mmteMcoi&tt^&£-rz>m^£^$? ^jai^m**^ 
m-r&mts o. 1 — 2 jLtmo^fl:^^ >©it±©^fl: 

5^:WC*5V*-E\ X^lMl^ftC*5^^> (3 11) motr— 

&?&m 1 oil) «t (220) tmcohf—sj^m 1 (2 

2 0) <h©lt^ I (311) /"I (220) <ZMSa*> ^ 
^msab^Vifc^te^S'^™^^ 0~ 3 Mm^^?0^z 

O. 5^1 (3 11) / \ (220)^1. 5~T?g> D> 

J<? a*^>^ttsr^®2&-s v*Ki^>ffc^^ >-^mj^ 0 ~ 2 O Mm 

0. 5^1 (3 11) / I (2 2 0) ^6. 0-Cfe-SCl 

^^^ts^-r^imiB (i) £cv*u (4) ©v^tn^ot 

[o o 1 3] (7) f&mmtt*zm-rz>&k^4KzF$'^^3L 
Mttzim-rz>mts o. 1 — 2 /im©^b^>©s±© 
zscoizmmm\~*5ttz> (1 1 d sot:-^ 

^^^r 1 (1 1 1), (2 2 0) MOH-^^I^ I 
(2 2 O) <*iU2r<iii§f, I (1 1 1) / I (2 20) © 
20 SMMS-S^^ft^^M^S 0-3 Mm 

^~r?co^i£)~r? 

1. 0^1 (1 1 1) / 1 (220)^4. o-eabt), 
^^s^r^M^-svi^^fc^^^^m^e* 0 — 20 Mm 
^-z?co^t£}-e 

1. 0^1 (1 1 1) / I (220)^8- o -t?&>z>z- 

tm-rz>m^£ o . 1 — 2 Mmog^^ ^ont-ho^^fh; 
^^:wc*5V*-r\ xsg&ieiifHcsst*^ ( 1 1 1 ) ®<z>tr— 
50 1 (111) ^ (220) mcoif—^^mi (2 

2 0) J£35 I (111) / \ (220) CD-fBd*, ^ 

$tmm&>z>w3L^4K^& ^mrnyfr** 0 — 3 wm*T©^ 

1. 0^1 ( 1 1 1 ) / I (220)^4. 0 &r?mm 
Mcb^> V* V£<§LVc^-5r Z^^mfr «5> 0 — 2 0 Mm*~CO^p 

1. 0^1 (1 1 1) / I (220)^8. OT?25^^ 

t^^fst-r^>MfB (i) (6) ov>-r^i^<Dis 

40 [0014] o) mmmm zzm-r^m^te.^f' 

mm ^m-r&mts o . 1 ~ 2 m m©^? 1 ^ ^00^: jkd 
gkmit^jr zscoxm\m&fm35i~?z> (3 i d ®<£>tr— ^ 
3^^^ 1 oil), (11 1) mcoif—^mm^ 1 
(111), (220) m<r>\±—^^m^ 1 (220) 

arUfct^r, {I (1 1 1) + I (3 1 1) } / I (2 

20) ©it^ mttmm&z>^\3i^£^5r ^^<m&*> o 

— 3 MmiT?0^1? 

2. 0^ { I (1 1 1) + I (311)} / I (22 
O) ^5. 5T*0, d^^Sffi^^Vi^fc^ > 

50 mffifr O ~ 2 0 m mSTO^T 



11 

2. O ^ { I ( 1 1 1 ) + I (311)} / I (2 2 

o) ^14. o ^^-s ^.^&$&m^-rz>®im j $jmniM<, 

igrTS^^O. 1—2 Mm^lk^^ ^CDIg:_tcDE*^ 
^b^^^td^Vi-C, X^Iel^rtC*3^^> (3 11) WcDtf 
-^3SSI (3 11). (11 1) M©tf-i/^l 
(1 1 1) l&Z* (2 2 O) ®CDtf — s?&tmi (2 2 O) 
(I (1 1 1) + I (311)} / I (22 
O) cz>4ga*. ^W^W^^^«^b^^^3sM^e> 0 — 
3 /zm^~CCD^Fi^"T? 

2. O ^ { I (1 1 1) + I (3 11)} / I (22 

o) ^5. a^m^ffiab^^fci^b^^^ 

^M£>£> O — 2 0 Mm^TOTOT 

2. O ^ { I (1 1 1) + I (311)} / I (22 
O) 2^1 4. 0~C*^d<h^4#ia<t-r.5» 11312 (1) 
U (8) CDV^rtl^COM^^DR'JZtl^o 

CO O 1 5} (11) MfBF*3^0^:«t^-r^»j^^b^ 
& Z^JCteMtt^tg-r&J^^S 0 . 1 — 2 /zmO^^^ ^ 
CDilL_LcD£5l^>fb^^ >OJP^*t 1 ~ 2 0 m m^Cag>^> d <t 

^4#^t-r^>B«fB (i) (i o) ©^tn^©t 

(12) mmmtt&mfc&^iF^^^mmm^gzJZteM 

^^ct^ttsiifg (i) (i i) ©v^r 

(13) ftfSai*iS^:rX^SCD-a-th^»^2~ 1 O 0 uttx 
*Xf^^»^t=Sr4#mfr^mipH (1) fcV^U (1 2) 

CO O 1 6} :*fg§ScD3l2K£. ^^>^Xt>S^ 
O . 1 — 2 u m©^^^ > t-ecDjlt-bcD^^fb^ 

m4kz>JVzi — *y^ m4ts\^— £Mb^P^>> 

4b ^b^^ ^Mt^tx^— «^JLcdws;$03: 

^CD (14) 73: (17) COmrfe. : &:^?-$~Z>%8i 

d4) s^rfa^^t^-r^^^b^^^^^mwai^-r 

%>m^ 0 . 1—2 /imO^jt^^ ><Z>iS:_hCD£^{b^^ 

o — 9 5 o , c©m^fflT«s-rs c t-rsM 



( 7 ) 7— 100701 

12 

(is) urge^w tisrr ^i^^fbr?^ z^^a^mm tgt 

^5JP^ O. 1 — 2 Mm©S^^ ^cDiiL_tCD£^fb5P^ 
>$Mt^MttT 1 ^^>i£t«fc U-cesiS^b^^ 

tdcfcD. 9 5 o — i o 5 oxKommw&m-e&zm-r&zizi 
(i 6) saia««i:^-r^>^^>fb^^>^:«^*t < ii^"r 

Z>mt£0. 1 — 2 /imCD^fb^^ ^CDI^:_tCD£*|^fb^^ 

^> t LT^ C N^^^fSffi V\ 6 

%JSA_hcD^^co^ggm~F^fT'5>fb^^^^^ c t SO 

o — 9 5 oTccoia^fSH-c^^-r^^t^^^fr^ta 

t3 (1) (13) COV^n^CO^^^'JzC^rCO^ 

(17) mrfaswi^-r^j^^-fb^^^^^^^t^-r 

Z>m^O. 1—2 /im©^^^ >CD ul£ tCD£3^?4b^:^ 

^? ^cto, 9 5 o — i o 5 o'ccom^^ffl-esta-r^dt 
^^mt-r^tftta (i) ^v^u (i3) co^-rn^cofcfc 

[0 0 17] 

m.^m^f^mco^m^ o . o 5^»Ttv^sisa 
i*i^co^-e^^«tia:^^"r^»^^^b 

5? > ^ CD m -t CD ^ ^ >fb ^ ^ >- <fc CO m 5^ * CD S 
0. O 5 jg€^%£rF(C#p^_<Sil t^M^L-Vi. 75:*5, m 

^H^n-^T^i/o7^-^-f1f (EPMA) ^fflVi 

coo i 8 } MsecDcfc -5 i-wzmmtpoimmmu^ 
®zm.m^i&<z>mmm.& o . 0 5iT%^Tt 

5t7 CDfolJit^Omi^^^^^^tMtCD^M^^^^W^lJ^ 



— 7 — 
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[ooi9] ^5&m<o&im*z)mniM<\^ wfmtz.33^~cm 

oz&m&mtt&mt-jz b -r-h^ i^m—fcttm t~ * -eras 
[00203 i^wi^jitc^it:^^ ^m&i&tfz^^&m 

[ o o 2 1 3 ifeZi. ^fg^cD^S^BainjlrckS:. i*jJPcd 
(2 2 o) ^Ticssrn|-r^>^rR]^*>D. zr^^u-cira 



( 8 ) ^M^F 7— 100701 

J-/ 

k 1 ) / I (2 2 O) CD^fci. X^tfil^f^ 2 0 = 2 O ° 
~ 1 4 O ° CDf^C lHll?f tf— ^^^n^>TfifCO-5 (2 2 

0) jStOfflM^t 3 O ° ~ 6 O ° "CifeS® (hk 

1) <&m$t\f:—5"5&m<?>^tY i (tiki) (2 2 

0) motr- &?&mi (220) ^coj^^<£^^)^i*>co 

(2 2 o) mzKomm&m&te. ms&ik^&zs 

[O 0 2 2] 

[|& 1 1 c o s <f> = (2Xh + 2Xk) X {2 3/2 X 
(li 2 + k 2 + 1 2 ) } 

[ 0 O 2 3 ] -TfcJDtS, I (hk 1) »I (h k 1 ) = 

1 (111) +1 (200) +1 (311) +1 (42 

2) +1 (5 11) &Mv£~r& ((2 2 2) ®« (1 1 

1) M<t^fa-CilE><5<Z>-CR&<) o (2 

2 O) MICML^V^cffi (3 0° ~6 O 0 ) CDgErRHS^ 

~ 3 ytxmCD^zj^, O ~ 2 O xim(DTO^t)^ 2 . 5 ^ I 
(hkl)/I (2 2 O) 3 t^ftTOJ-r <5 21 

^^^co^-F^^g^-r^fc^ (hki) mcoge 

^ ^> O ~ 3 /x mcDff^cO'&^-Cco^pi^-C I (h k 1 ) / 
I (2 2 0) ^ 7 . O . O ~ 2 O /im©^*.©ftfi 

"CCO^pi^-T? I (hk 1) X 1 (220) ^15. 0 CD 36 

rxo ~ 2 o jLtm^-cco«SHcD^:^i:^'r^>^'fb^3' ^ifi: 

«50 -hco^^-fb^^ fe-2»Vi«S:«ai^>r^^^>fb^^>' 

(hki) w<om&}&&mmimm\z.imm-r^>zL 

«b>ic. ^fB^&m«> ^W^^-rs^b^^^ifil-liCO^^ 

>fb^^>. ^-svi^^^rai^^r^^^b^^^cDsarRi^r 

[0 0 2 4] 2fc^£Wfcr43V*-C. «:*taiS-r-2>^>fb^^^ 

ifi_lic7>j^^b^^>, fe^v^^^r^^S-r^^^b^^ 

4© >-JC^^S I (3 11) / I (2 2 O) ) <Z>««X«SIhI 

*fic^^s (3 11) M^i (2 2 o) cDt^-^co^&mt; 
^<^-3^t>c7)-c^>^>^ sar^co^v^^^b^^^-^^tc 

*5^-2> X^CD^^J^l^ I (3 11) / I (220) = 

(2 2 o) iDt) (3 i i) mi^mfawc^&zizi&m. 

^LTV^o (3 1 1) ®fc£l#;?&DmtC*#U#?7 3 2 ° 

^SW^®fe^>V^^^ib^3 7 >'^ISf^ ^> O ~ 3 /im&t; 
0 ~ 2 O ^m©^ tt>tO. 5^1 (3 11)^1 
5» (2 2 0) ^SMP-T •£> ^ ^d^^-cab O . ^twz-^vw 



15 

f)*5&gL~rz>T^&>. (3 11) M<Z>6BF^£K*X;g§i3&ae£fc-C 
0 — 3 AtmcO-^l^T I (311) / I (2 2 O) ^ 1 . 
5 > 0 ~ 2 O /xmOTOT 1(311) / I (22 

o) ^6. o cD^fiffltc^a^-r^i^^^a&^o ^5&m<&w 
o^^>ffc^^^^<z> (3ii) m<omm^^±.mmm\^ 

[0 0 2 5] *fe^:^gggiC^Vi-C«. X [M [h]#T f~ 33 
(111) MCO tf— ^7^i^^r 1(111). (2 2 O) 

M©tr^!igsi (2 2 o) ^u^t^r. ^^r^l^rr 
^>m^\t^& 2s\z.3s\*~c I (111) /I (2 2 0) <z> 

O — 3jtim*T?©^ 1. 0^1 (1 1 1) / I (2 

2 0)^4. O m*~z> 

0 ~ 2 O u m^UCO^i^ 1. O^I (1 1 1) / I 
(2 2 O) ^8. OT^5 ^ ^i^4*mt bTV^o O — 

3 /Ltm, SlTJ^O— 2 O /im*T<0«5ggOWS<0^tS 

-r^^fg-n^^^jgo (ill) McDSBr^j^^-biBgeffl 
tcsninerr^ ^ <ht~<£ o i i) ®tcger^u-cv^*§ 

[ O O 2 6] ^ ^fC^CD5^^«> 

>^®J^ ^ O ' 3 ll m^UCO^i^U 
2. O { I ( 1 1 1 ) + I (311)} / I (22 
O) ^5. 5 O — 2 O /imSTOWC 

2. {I (1 1 1) + I (311)}/I (22 

O) ^14. 5<Z>$6K> -r^^)^ (2 2 O) ®fC^U-C 
Mis*r^fm-C£>Z> (3 11) £l (111) MfCffilRl^^:^. 

[ O O 2 7 ] fcfcU O //.m^j^j^U 6. 0< 

1 (311) / I (220) > 8. 0<I (111)/ 
I (2 2 O) Scifete: 14. 0<{I (111) + I (3 

id} zztz&zz, ^^ktsaiPii£a*3srrir> zvmzt&m. 

^*aj^<z)^p^-cM^® cD@3r^^*^-r <t> ;r GD:^g1^ 
m-m^<&&mm.<E>i&^Fi&5t^~rz>*z&>. (311) m<& 

fiH^ftUX^mitT O ~ 3 /zmGD^i^ 
I (311) / I (220)^1. 5> 
I ( 1 1 1 ) / I (220)^4. O 3C« 
{I (1 1 1) + I (311)} / I (220)^5. 

5 \z:Mffl-rz>i&m&&>z> 0 



( 9 ) S^W^ 7— 100701 
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[o o 2 8] >a.h«^jt5 i 3' 

m&P5lh-rz>&hM&/}^ <73:V. 2 O /zm^S^t^^i_t 

2 O /im^0*LVi|iSfflTfeSo 
[0 0 2 91 7£:fe. I <h k 1) / I (220) ^CD^g- 

Zst/^^Zs (WC) GDfcT— ^#*5m^#*> &klt.$r ZstfT^ 
^•ZsCO (1 1 1) MCDtr— ^ 2=.m^fc^& ZsCO (3 1 

1) ffl©tr-^&fi^s^oTv^fc^ ^ta^cD^gi 
z> (1 o 1) m«t (1 1 1) ®<z> tr— ^.tt: (astm^j 

^? — H^6» Iowc (lOD/Iowc (1 1 1) = O. 2 
5) 3fi»& lie (111) <£^#> (lie (111) =0. 
25X1, c ( 1 O 1 ) ) > (311) <&&:W??<Z> 

tf— ^?Sm^5>5l< ^ tt~<fcO I (3 11) «r^56^>„ 

[0030] fccfe. ^«<t*rr^>/s.*ru-c^>fi^p^:v<£ 

O. 1 ~2 Mm^^-r^^^^iU-C. 5fc*£cOi£^c7)?gj§£ 

^tu-c«. o. 1 Mm*^S^«ClCD^m^-h^^ta 
Zs<omZ*teO. 1 — 2 /xmCiSfflfc-r^^W^ 

Co o 3 1] ^^^o^imiaizR^^^Jc^M^^oD^^ 
^#M^O. 0 5M-?%OTT^§, srif/^^i«x^ 

mmi~^o, 9 5 o~i o 5 o xz ©Mieiffl^^^ 

^ XDMM^^^M^^^o 21CD9 5 o ~ 1 o 

5 o'CiiVi^j^j^^j^ia^ffSBi^ &&&<o*&2'^p^m 
50 ^^^m&m^^oi&tttemiki-m&tezz^* 



(10) 

17 

[0 0 3 2] 9 5 0-1 0 5 0^^:^5 mmm*£~1?$£5& 

o t«^j D ^^^^ 77 ffi w< -goimaoif 
(tin) &mmm&&mmng&&.te 

^ffc^P^^ (T i CN) 3££r4£?g-r<£><t 77^7^#fttiU:C 

f&tti^m-r %>^4k^& zs<z>m&& o . i ~ 2 um<omm 20 

[O 0 3 3] *fe^^§go^i^O%5— 0(D#^ti, * 

^^afe^>o c N^4&Sffi ^fcfl:^if^iJ^* t> so 
d . — ft^tc s o o ~ 9 o o t c@^cD®ta«aoMan?fT^: 

vifc. 5^^. 1 o 5 oxz&m?Lz>mmm<otRm~e^imc 
m ^^:Sir^]t^tc-3>v^-ct> (2 2 o) scdbbi^j^^ 

0950—1050 ^^i^^T^^M^^^^l^tZ)^^ 
ttCfctK 8 0 0~9 5 0tgS©®fi^ ^^g^CO 



— 1 0 0 7 0 1 

IS 

co o 34] ±.m<^>^^m^mi-Jz^^:^mm<omm^L 

X^OMS W^^^if ^ 10—15 /zmg^TS 

^coi^^tu, ^5gmi~<^ri\3:\3i&fr\-jm^ 1 o o/im^ 

Tf 5Ct«ET^fco fiU 10 0 Mm^^X.^> <h 
^< 73:Z>CD-etfrl£ U < }^V^ 0 ^fc, 1 5 um^mpL^m 

CO 0 3 53 

(^56^ 1 ) ISO PI OOCNMG 1 2 0 4 0 80 
210^MI^1(DA1~H1, PI. Ql, R 1 

<N 2 ) : 5 O 7&m (H 2 ) : 4 9 %CD^^>tf 
^^^4"~efT^feo |*i^COj^^>ffc^^>CD^JEK^*l 

o o~ i i o oxi<o&mm~eff^ J3^2k&r\%-? 

^TH 2 : 9 5 mmik^*? 2/ : 4 :T~fe h-h U 
)\< (C H 3 C N) : 1 — 3%. ^JI*60Tor r© 

^ > <t^^ (N 2 ) SfflVifc«f*©^CVDSl^Ol 

0 0 0"CT^bfcJt^I ^^^tCl^^pJC^Ufeo £c 

COO 3 63 JZtx^ooiJ-^^V^fflVi. -Ffd^-r^OBU^ 
Vr 1 , 2-CI^^«:01lS^^1*S:^mfa^l^^^W^^ 

Cltxe»CDiSS^^ *5g^n D pOA 1 — H 1, P 

1 , Q 1 . R 1 -VteVtmSh I {Cj^^I^^^g^ S-t^lgg 



—10— 
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20 



2^^n^Si^>n l (3 11) <z>SSfRH£#*§i<* 

^j^j^fr i 

Wftm : S CM 4 15 (HB = 2 1 O) 
Wmmm : 3 O O m/m i n 
9 : 1 . 5 mm 

wmgkfr 2 

fflffltt : S CM4 1 5 <HB = 1 8 O) 
Wmmm : 2 5 O m/m I n 
m O : 1 - 5 mm 

WWmm : 1 p a s s = 1 Of3>~C3 o otas&ojgu 

[0038] . 2& 23£ 1 ] 



* 1. Riojg^s (111) <z>BarnH£as^ggg<z>$ss 

rtT&^dt©^^ SrcQl <7>%£^:& (311) 

[00373 



^ O : O . 3 5 mm/ rev 



jH O : O . 3 mm/ rev 





m 










f*j m 


A 1 


950 


TiN/TiCN/Al 2 0 3 
0. 5 0. 5 2. O 


/TiCM/TiN/^tf 
8.0 0.5 


8.0 


11.5 


B 1 


950 


TiN/TfC /A^Og 
0-5 0-5 2.0 


/T5BCN^riC/TiCN/TIN/-Q:*f 
0.5 3-0 1.0 2.0 


1.0 


9.5 


C 1 


IOOO 


TIN/Al 2 O s 
0.5 2.0 


/T1DCN/T1CN/T1N/^^ 
0.5 8-0 0.1 


8.0 


11.1 


D 1 


10OO 


TIN/AI0O3 
2.0 3.0 


/TlCN/TlG^riCN/TiN/«r*f 
1.0 3.0 3.0 0.5 


3-0 


12.5 


E 1 


105Q 


TiN/ZrO z 
0.5 1.0 


y^iBCK/TICN/TIN/Sfct 
O. 5 8- 0 O. 5 


8.0 


10.5 


F 1 


1050 


TiN/TiCM/Hf02 
0.5 0.5 l.O 


/TIN/TiC/TIOt/T-INAa** 
0.5 4.0 5.0 0.5 


5.0 


12.0 


G 1 


9 0O 


TiH/TlCN/AlgOg 
0-5 0.5 2-0 


/TiCN/TJN/^M 
8.0 0.5 


8.0 


11.5 


H 1 


1100 


TiN/TlCN/Al203 
0.5 0.5 2.0 


/TiCNyTiN/^M 
8.0 0.5 


8-0 


11.5 


P 1 


1050 


TiN/AlgOg 
0.5 l.O 


yTiCN/TiN/ 1$tt 
2.0 O.l 


2.0 


3.8 


Q 1 


950 


TIK/Al 2 O s 
0.5 1.0 


/T1C/TICN/T1N/ 

1.0 1.0 0.1 


1.0 


3.6 


R 1 


10GO 


TiK/Alg0 3 
0.5 1.0 


/TiCN/Tj N/ 
2.0 O.l 


2.0 


3.G 



[O O 3 9] 



[^2 3 
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(12) 



^m^7 — 1 O O 7 O 1 

22 



rfA, 


TIN £ <Z>Tfi_t 

3jtJ^ <at%) 


\*nmm 
mm 

(atX) 


T1CNCD 1(311 )/K220) 




TlCNfiQ I(lll)/I(220) 


<Z>II(311)+I<1111 J/K220) 


0—3 p.n 


0—20 urn 


0- — 3 /zin 


O — 20 m* 


O — 3 fjtm 


0 — 20jum 


A 1 


0.04 


O. 04 


1.5 


2.5(~8 jun) 


0 


4.0 


7.0 


5.5 


9.5 


B 1 


0.03 


0.05 


0.5 


— 


0 


1.5 


— 


2.0 


— 


C 1 


0.01 


0.01 


l.O 


1.5C- 8 ,udi) 


0.5 


3.7 


8.0 


4.7 


9-5 


D 1 


D- 01 


O- 03 


1.0 


— 


0.5 


2.5 


— 


3-5- 


— 


E 1 


O.Ol 


0-015 


0.6 


1.0(~8 jum) 


l.O 


1-5 


1-5 


2. 1 


2.5 


F 1 


0.01 


0.04 


0.6 


0.9(~ 5 ubi) 


1.0 


4.0 


2.0 


4.6 


2.9 


G 1 


0. 35 


0. 15 


1.5 


5. 5<~ 8 u ««) 


0 


1.3 


1.4 


2.8 


6.9 


H 1 


0.01 


0.01 


0.7 


0.45 (—8 um) 


2.0 


1.2 


1.4 


1. 9 


1.85 


I 


0. 10 


0. io 


0-4 


0.35 (— 8 ^m) 


3.5 


0.3 


0.3 


0-7 


0-65 


P 1 


0-05 


0.06 


0.2 




0.5 


1.7 




1.9 




Q 1 


O. 05 


0. 07 


1.5 




0.5 


0.3 




l.S 




R 1 


0.05 


0.06 


0.2 




0.5 


1.0 




1.8 





[0040] * * » 3 J 





1 




-tf-> 






MS 


gE4>fifclft 


A I 


O- 192 


O. 169 


KL, 




B 1 


0. 181 


0.179 


tiL. 




C 1 


0. 170 


0. 170 


tt U 




D 1 


0.175 


O. 171 


ttC 


*£ u 


E 1 


0. 184 


O. 169 




«L 


F 1 


O. 186 


0- 165 






G 1 


0.211 


O. 225 


<L'J?y 




H 1 


0.188 


0. 265 


&*> 




I 


0- 240 


0.380 


*>*> 




P 1 


0.213 


O. 225 






Q 1 


0.220 


O. 222 






R 1 


0-216 


0-226 







[O O 4 13 C^5S-^J 2 ) ISO P 1 O ©CNMG 1 
2 O 4 O 8 ODJ^t^OD^^-fb^^^S-y— S> h 
UTAH^ d co^M«C^ 1©A1, CI, El, PI, 

2, E2, P 2, Q2^©U ^Jfi^J 1 CO^«= 1 > 2 
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(13) 



^m^T — 1 O O T O 1 



23 



24 



* 2 , C 2 , E2, P 2 , Q2 Btf&Jgf'Bu 

[0 0 4 23 
[^43 





wm^vt i 














A 2 


O. 166 


0.182 






C 2 


0. 169 


O. 177 






E 2 


0-171 


O. 173 






I 2 


0.245 








P 2 


0.198 


0. 188 


«L 




Q2 


O. 196 


0. 179 







[0 0 4 3] (^SS^J 3 ) CNMG12040 8 CO^AK 

i oa i, c i, ei, pi, qi azmizm&cD&i 

I^^JEKU, ^>^PA3, C3, E3, P3, Q3 

O&^^igc 5 t-^-Tc J£^£: LT. ig* 1 OA 1 <iiJ^CM 
Piictii^ «©iJC V D^tCi D 1 0 0 0 T3~e?g4fc 

tgfl'J^ffc 3 

®LWm : F C 2 5 

^JB'jmg? : 5 O 0 m/m i n 

*ZJK>%±Z* : 1 . 5 mm 

+?jmm : 

iiUB'J^ffr4 

: F C 2 5 
•50BU3&ae : 4 O 0 m/m 1 n 
^JO^ : 1 . 5mm 

mwmm 1 p a s s = 1 o&>~c 3 o o deu^djsu 

[ O O 4 5 ] 5 ] 



^>o ^niC^fU. *^,B©A3, C 3 , E3, P 3 , 
[0 O 4 43 



: 0. 

wwmm : 



2 5 mm/ rev 

3 0 5> 



: 0 . 3 mm/' rev 
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(14) 



^m^¥-7 — 1 0 0 7 0 1 



25 







izrau^M* 4 I 








££BU9£Qftt£> 




A 3 


0. 253 


0. 265 






C 3 


O. 271 


0-258 




^ I. 


E 3 


0.236 


0- 247 






1 3 


0.40O 


mm-* 






P 3 


0.272 


O. 260 


u 




Q3 


O. 273 


0.36S 







[0 0 4 6} cmmm^y cnmgi 2 04 o 8 comtt 
comity Ji"^ rL^^^-fe^a -/^^^^r^iu-r^v^ 

^©MfCg 1 C7)A 1 , CI, El. PI, Qlti^U 
MmCD&.mm^:$ltf<.\^. ^>^A4, C4, E4, P 

4, Q4^^u mm.m 3 <z>^oftij^f^ 3 „ 4t^c« 

u-r. g 1 ©a 1 tNi;^#}B©^5«©^c vd 
&ac«fct) 1 o o oxz-cmfcy ji-^—Ty^m-^^ ^. *y 
ui-mmi'Xiv-zs^ji' 1 4 ^^-fffiu^^m^fm^fc^ 



«^ 1 ©igm t 1; t & o ^0 dtx^oDSgjg:^ 

4CTV^. ^^tdjfcfU. ^HOA4, C4, E 

4, p 4, q4tiw« mums, mm^mtm. 

[O o 4 7] 
[^6 3 







^B'J3H* 4 












A 4 


0.155 


0. 160 






C 4 


O- 165 


0. 155 






E 4 


0. 148 


0. 152 






1 4 










P 4 


0. 166 


0.157 






Q 4 


O- 168 


0.154 


ft U 


/XL. 



[ O O 4 83 (^SS^ 5) ISO P30 CNMGI 

2 0 4 o 8 com^Kcom^^^^^^^Mmm^^^mm 
<t JEr<£>^mi-mmm 1 iraiu;*r;*a%fl^ 1 o o o-c 

(3cfeVi-rS£M^fT^ ^ ^fccfc Dig 7 fc^-Tcfc^fcJf^O 
^^^CD^^g^iS&O^^^^ J 1 — L 1 ^ft^U^o ^ 



50 



*©^cvdst 1 o o o'C-c^^^da^fmc^^-tc:^ 



—14— 



(15) 



— 1 O O 7 O 1 



27 



28 



mz> : o. 



33. ^^fp© J 1 t J 2 t©]t^S, ^^J; -5^Ci^* 
WM^kfr 5 

£fcBU*t : S CM 4 1 5 (H B = 2 1 O ) 
**0BU5^g£ : 5 O O m/m 1 n 
WK>3^^- : 1. 5 mm 

wmzkfr 6 

&BU*t : S C M 4 1 5 (H B = 1 8 O ) 
**0BU5^St : 6 0 O m/"m i n 
^JDii^ : 1 . 5 mm 

^•J^fW : 1 p a s s = 1 0#T1 5 OtSig&OigU 
[0050] >K >K 7 ] 



C 0 O 4 9] 



2 O mm/' rev 

3 05> 



SI K> : O . 15 mm/ rev 







( Aiin> 


Jit 
( jam) 


^ m 


1*1 0 


J 1 


TiN/TiCN/AlgOs 
5.0 25 SO 


/TiCN/TiN/^*f 
19 l.O 


19.0 


I DO 


K 1 


TIN/TiC /A1 2 0 3 
5. 0 3. 0 60 


/TiBCN/TiC^TiCN/TiN/^^f 
0.5 10 20 0-5 


20. O 


99 ! 


L 1 


TiN/Al 2 0 3 
O- 5 85-5 


vTi BCW/T ICN/T 1 N/^*t 
0.5 10. 0 2.0 


10. O 


98 


M 


TIN/A1 2 0 3 
2.0 3.0 


/TI CN/Tf OT iCN/Ti ti/^U 
1.0 3.0 25 1.0 


25-0 


35 


N 


T1N/Zr0 2 
5.0 80.0 


/Ti BCN/T1 CN/TiN/^:^ 
1.0 20.0 0.5 


20.0 


106. 5 


O 


TiN/TiCM/Al 2 Og 
5-0 25 50 


/TICN/TI N/SW 
lO-O 0-5 


20.0 


90.5 



[0 0 5 1 ] 



-tf- > 


tin ch^eramt 

zf-m (at*) 


mm; 

(atX> 


TiCNcs I<311)/I(220> 




TiCN<© K11D/K220) 


flDfI(311)*I<lll)l>a<220) 


0 — 3 fztm 


0 — ZO^ffi 


0- — 3 fitti 


0~20juro 


0 — 3 /£«i 


0 — 20 u m 


J 1 


0.O1 


O. 01 


1.0 


€.0C~19jum) 


1.0 


1.5 


1.8 


2.5 


7.8 


K 1 


0-01 


0-03 


1.0 


6- 0( — 20 m) 


l.O 


1.6 


1-8 


2.8 


7.8 


L I 


0.01 


0.01 


1.0 


2-0<~10*em> 


l.O 


1-6 


1.9 


2.6 


3.9 


M 


0.O1 


0-03 


1.0 


7.0(~20jmn> 


1.0 


1.7 


1.9 


2.7 


8.9 


N 


0.01 


O.01 


1.0 


6.0(~20Mm) 


1-0 


1.7 


1.9 


2-7 


7.9 


O 


0.10 


O. 10 


0.6 


0.3(~20^ m ) 


4-0 


0.7 


0.8 


1.3 


1. 1 



£ O O 5 2] 



—15— 



<16) 



^m^7 — 1 O O 7 O 1 



29 



30 













was 




J 1 


0. 140 


O. 155 






K 1 


0. 150 


O. 163 






L 1 


O. 132 


0- 145 






«J 2 


O- 142 


0- 143 






M 


0- 155 


0. 278 


*>»> 




N 


0.143 


O. 245 






O 


| 2&-eKm 


| loposs^ta 


1 ^f^«-> 





[OO 53] <^5S#lJ 6) ISO P10CZ5CNMG1 

2 o 4 o 8 <&j&ttco&i4k5r ^& , ^^^mmm&&&m$t 

£l tTfflV\ ^©^B^Sl O0a 1-h 1, pi — r 
1 t^t^©MS^^Lito dCEHS^ ^llg© 
Z/CDf^3H^.m 1 O ^tj^T 9 O O ~ 1 1 O Ot) 
OD^MSrcfrV^ ^7^#ttt^TH 2 : 9 5 PS^ 
-fb^^^: 4 %. ^-fehnhU^V <CH s CN) : 2 
56, ^P*gjBE^J 6 O T o r r 0D^^;tf ^mSft^-Cfr^ 

it^*Ol*CVD^{C<fc D 1 o o oxz-x?fEf&\^r^i±.m£h 

[0054] ^tx^c^i^-^^v^^v^. -r\-^k~rmm3k 

tSW: SCM4 1 5 (HB = 2 1 
Wmmm : 3 O O m/m i n 
W V : 1 . 5 mm 

Wfrtfi : SCM4 1 5 tHB=18 
^H'J^^P : 2 5 O m/m I n 
12J O 3^^- : 1 - 5 mm 

wmmm ■ ipass=io 3 

[00 5 6] 



50 



O) 



It^To dtie.CDjgg^^^. *^i5&©a l~h 1, 
p 1 ~ r 1 -C«ifc!f&«S i ^.fcfc^M^g'f*. i?ff*iWf&*3u m 

s,<z>ii l-cra o 1 1) c7)gBfHj^^^< , mm*pmmi£. 

[0 0 5 5] 



m. K> : O . 3 5 mm/ rev 
^J&J^rW : 3 Q5> 



O) 

O : O . 3 mm/' rev 
O O [hJ^DMU 



— 16 — 



(17) 



3#M^7 — 1 0 0 7 0 1 



31 32 





OC> 




(.am) 


(^n) 




F*JJf3 


a 1 


950 


TlN/TiCN/Al 2 03 
O. 5 0. 5 2. 0 


8. 0 


8. 0 


11.0 


b 1 


950 


TiN/TiC /A^Og 
O. 5 0-5 2- O 


0-5 3-0 1.0 


1.0 


7.5 


c 1 


lOOO 


TiN/Al 2 0 3 
0.5 2. 0 


/T 1BCN/T ICN/^M - 
O. 5 8. O 


8.0 


11- 0 


d 1 


1000 


TIN/A£ 2 0 3 
2.0 3.0 


/TiCNrmC/TiCN/flffsf 
1.0 3-0 3-0 


3.0 


12. O 


e 1 


1050 


TIN/Zr0 2 
0. 5 1.0 


/TiBCH/TICN/^tt 
O. 5 8. 0 


8.0 


10. 0 


f i 


105O 


TiN/TiCN/HfX) 2 
0. 5 0. 5 l.D 


/TIN/T"IC/TiCN/^f>f 
0.5 4.0 5.0 


5. 0 


11.5 


s 1 


900 


TiN^riCN/Al 2 O s 
O- 5 O. 5 2. O 


8-0 


8. 0 


ll-O 


h 1 


1100 


TiN/TICN/Al 2 0 3 
O. 5 O. 5 2. 0 


8. O 


8. 0 


11. O 


p 1 


1050 


TiN/Al 2 0 3 
O- 5 1.0 


2.0 


2.0 


3.5 


Q 1 


950 


TiN/Al 2 0 3 
0.5 1.0 


1.0 l.O 


l.O 


3-5 


r 1 


1060 


TIN/A1 2 0 3 
0.5 1-0 


/TiCN/^r 
2.0 


2.0 


3.5 



CO 0 5 71 C^l 1] 





TiCN<Z>i&3feB 
(atX) 


(at%) 


I(311)/I<220> 




STICKS 
IU11)/I(220) 


11(311 )+I(lll)]/I(220) 


O- — 3 Aem 


O — 2D^m 


0 — 3 x/wi 


0— 20 M m 


0—3 u n 


O — 20 // m 


a 1 


0.O4 


D. 04 


1-5 


2-5<~ 8 


o 


3.0 


7.0 


4.5 


9.5 


b 1 


0.O3 


0.05 


0.5 




o 


1.5 




2.0 




c 1 


o.oi 


0-01 


l.D 


1.5(~8 U*> 


0.5 


3.3 


8. 0 


4-3 


9.5 


d 1 


0. 01 


0.03 


1.0 




Q.5 


2.D 




3-0 




e 1 


0. 01 


0.015 


0.6 


l-0( — 8 ym) 


1.0 


1.4 


1-5 


2.0 


2.5 


f 1 


0.01 


0.04 


0.6 


0.9( — 5 /z") 


1.0 


3.5 


2.0 


4- 1 


2.9 


& 1 


0. 15 


0.15 


1-5 


5- 5(— 3 /in) 


o 


l.O 


1. 4 


2.5 


6.9 


b 1 


0.01 


O-Ol 


0.7 


0.45 <~8 //IB) 


2-0 


1. 2 


1.4 


1.9 


1.85 


i 


0. io 


O-IO 


0.4 


0.35 <~8 


3-5 


0.3 


0.3 


0.7 


0-65 


P 1 


D.OS 


O.D6 


0.2 




0.5 


1. 7 




1.9 




q 1 


0. 05 


O.OT 


1.5 




0.5 


0.3 




1.8 




r 1 


0.05 


0-06 


0.2 




0.5 


1. 0 




1.8 





33 



COO 5 8] 



(18> 

* * [^12] 



*&mw-7 — 1 O O 7 O 1 



34 









-tf- 1/ 




f&*&WL f urn's 






a 1 


0- 19 


0- 175 


tSL U 


/£ U 


t> 1 


0. 18 


O. 18 


tcU 




c 1 


O. 174 


0. 168 


t£ L, 




d 1 


0. 175 


O- IT 


t£ U 


t£ U 


e 1 


0. 13 




t£ U 






0, 133 


O. 172 




U 




O. 210 


0.230 


<^>> 




h 1 


0. 185 


0.27D 






i 


0.225 


0.-350 






P 1 


0.210 


0.230 


«L 


^ u 


Q 1 


O. 215 


O. 225 


'il 




r 1 


0.213 


0.228 







[0 0 5 9] (mttm 7 > ISO P 1 O ©CNMG 1 
2 0 4 0 8 CD}tmc£>££^ffc;:5P^ >S^-^ 

^©MS^^^L, 1i->^a2 > c 2. e 2 <£f£ 
BBl«H*fc£^ 1 0. 1 1 <Z>i!gm^miZ-v&>^>7ZL^ V* 



v> ^ <t e» ^ ^ m <z>mm%£i£ cd^fjs^ <fc t*jbi<e> m 

^7t. $gl ^cDBBrfiJ^^^I^^^S^^^^rn 
niC^L.. *^,a<Da 2. c 2. e 2 

CO 0 6 0] 
«1 3] 

















a. 2 


0. 165 


O- 180 


/XL 




c 2 


O. 168 


0. 175 






e 2 


0. 169 


0. 160 






i 2 


O. 240 









CO 0 6 1] immm 8 ) CNMG1 2 0 4 0 8©M 

KSlO«al, c 1> eltf^i;«j§0^aji$^ 
i^>^^a3. c 3. e 3 S^ML, -VlZL^rTWm 



5<? 



it^^u-r. ^i o©a i t^cii^tii^© 

^CVDSt^D 10 0 0^^^ffc3^Ji^-fc^£= 

-To ^.n^comcommm, m&itktem 1 o. 1 1 



—18 — 



(19) 



4^98^7 — 1 O O 7 O 1 



35 



36 



i 3 1 ® ©^t^ >0j^^(D^ 6 M mT* o & 

i m <&mfa&&^^m commit tE>\3L^ri-r^& - * 
5PB»j^ffc 9 

: F C 2 5 
iSOS'ti^S : 5 O O m/m i n 
i2JD3*^ : l . 5mm 
^JHU?a : fcU 
ffJH'J^ffc 1 0 
fcSBU** : F C 2 5 
Wmmm : 4 O O m/m i n 
i2J 9 : 1 . 5 mm 

wmmm • i p a s s = i o^^3 o o 

C0063] . « 1 4 ] 



[0 0 6 21 



5i£ D : 0 . 2 5 mm/ rev 
^7HU^fW : 3 



jSi O : O . 3 mm/ rev 





mmzkWr 9 


WmZzSPr 1 0 










a 3 


0.250 


0.264 




tSi L 


c 3 


O. 265 


O. 256 


^ b 




e 3 


0.234 


O. 245 






i 3 


0-386 









[0 0 6 4] (mffim 9 > CNMG12040 8 OD^^ 50 
^©SSIC^l 0©a 1, c 1. e l<hNC«ii©^S 

8 GD&)mgk& 9 > i o ^mwjm£&&-e^m&ff^ 

^c. ^-OD^^^r^ 1 5 tC^-To J^^£tU-C> ^lOOa 
1 <tNU^«^<0^^^t£3fe(Z>iS&C VD^tCfc D 1 0 O 



*m a n ©a4, c 4, e 4~CK3:I»«M**IU ffifPJgi 

[ O O 6 51 
«1 5] 



—19— 



(20) 



ttm^v — 1 o o 7 o i 



57 



38 





VJM&tt 9 


vrnwikw i o 






t£*XJ9 *OHP<t> 




a 4 


O- 150 


0.165 


/,£ b 


L, 


c 4 


0- 162 


0. 159 






e 4 


O- 149 


0.155 


AC U 




i 4 






C^> 





[0 0 6 6] (^JS^l O) ISO P3 0 CNMG 

120408 o)mvt<^^^.^^^f^^^mm^^^^m 

**<hU. ^OM{C^^J6 tl^C^X^Tl O O O 

^^^^^c^^^geg^^^^^v j 1 — 1 1 

fco sfcfe. M^>^j 1 t~$*^£:ffl^)fe5>3 h 
m. 1 JgCDfiJI^ffc^^^^C^Nz <£e£^ 

«ttfc«©^cvD^T i o o ox^^^mm^h^ 

i 

: S CM -4 1 5 <HB = 2 1 
Wmmm : 5 O O m/m i n 
^D32^ : 1 . 5 mm 

^Jl^'J^f^ 1 2 

tim:SCM4 15 <HB=18 
*2JBU3^SE : 6 O O m/m i n 

: 1. 5 mm 
^B'JB?rFi0 : lpass = 10 1 
^0B'J?& : *Ri§<t£ 

[ 0 O 6 8 3 



ii. i 2^^nn:SrfT^^}^m^^i 8 jc^-r 0 ^c£>*g 
m^^i^^i^-^^vm-et^ i mozm^it^&^omm 

• [0067] 



O) 



mV : 0 . 2 Omm^ rev 

wmmm : 3 o& 



O) 

jit D : 0 . 15 mm/' rev 

5 otmmoMu 

[^16] 



—20— 



(21) t&M^ 7— 100701 

39 40 





mm&*i&-m (^m) 


(/£fn) 


t&mm 






j i 


TiN/TiCN/A^Og 
5- 0 25 50 


20 


20. 0 


100 


It 1 


TiN/TiC /A1 2 0 3 
5. 0 3. 0 60 


0. 5 ID 20 


20.0 


93.5 


] i 


TIN/Al 2 0 g 
O. 5 85. O 


/T1BCN/Ti CN/«*t 
0. 5 10. 0 


10.0 


96.0 




TiN/AlgOg 
2.0 3-0 


/TiCH/TI(VTtCN/^:tt 
1.0 3.0 25 


25.0 


34.0 


n 


TiN/ZK) 2 
5-0 80- 0 


l.O 20-0 


20.0 


106 


o 


TiN/TiCN/Al z 0 3 
5-0 25 50 


/TiCH/^** 
10.0 


20. D 


SO 



m — o i £ ifc^S 



[0 0 6 9] * * [^5 1 7 3 



"SOW 


^F*^ (atx) 


(at%> 


I(311)/I<220) 


(tfm) 


0~3 um 


—2.Q xi m 


J 1 


0.01 


0.01 


1-0 


6-0 


1.0 


k 1 


0- 01 


0-03 


1.0 


6-0 


1.0 


t 1 


0. Ol 


0.01 


1.0 


2.0 


l.O 


m 


0.01 


0.03 


l.O 


7.0 


1.0 


n 


0.01 


O.Ol 


l.O 


6.0 


1.0 


o 


O-10 


0.10 


0.6 


0.3 


4.0 



[0070] [^183 





-gosw^^i 1 


i5gBlS&*H 1 2 










3 1 


O. 144 


0. 150 






R 1 


0- 155 


O. 162 






1 1 


0. 335 


0.142 






j 2 


0.145 


0. 149 






m 


0- 160 


0. 270 






n 


O. 145 


0- 245 






o 




lOpass^ta 







— 21 — 



41 

[oo7i] immm id i so p 2 o cnmg 

1 2 o 4 o s c7)?^^c7)^fb^ > 5r^^^^mm^?<&&m 

Mtttffl^, ^©^MiCT i N ( 0 . 5 Mm) /A 1 

2 0 3 C2. O Mm) XT i BCN (O. Bum) /T 
iC (3 Mm) i C N ( 6 m m) S>%£>#l 

(_t^oT i NtA 1 2 o 3 jptsws) cnmmm&zi 

^bfe-U->^Xl~X5, ^r/T i N ( O . 5 /xm) 
O3 (2. O/zm) /"TIBCN (O. 5m 
m) /"T i C (3 Mm) /T i C 1ST ( 6 m m) /T i N 
(O. 5 Mm) /M*tfr*>73:Z>mm (±^CDT i NtA 

I2 o 3 JgtfS^S) ©feSS^Mtfcit>y;VY 1 ~ 
Y 5*^§abfe B ^^TY 1 ~Y 5<Z>^*mgrr«>T I 
NO^^«. 9 O 0 , C-CIZ9M5 1 ^>1 %, 

(N 2 ) 5 0%. 7K^ (H 2 ) SDCJI^X^T 
fr^^o X 1 ~X 5 Ri;Y 1 ~Y 5 iC^tf Sftl 

(Z^^ffc^^ ^C7)^^«^e^L-^ta^^J©JC 8 0 0. 8 5 

o. 9 o o. 940 sczs 105 ox^co^m-c^ mmik^- 

Igfg'J^ifr 1 3 

t^J#: SCM4 3 5 (HB = 2 3 
^J^JMJ^ : 1 6 0 m/m i n 
^ *95^^*- : 1 . 5mm 

vim^kw 1 4 

: S CM 4 1 5 (H B = 1 4 

wmsmm •. 3 5 o m/ m i n 

i*CJDj&^. : 1 . 5mm 

^JB'JffiSfWJ : 1 p a s s = 1 0#T5 

[O O 7 3] 



(22) 7—100701 

42 

*m.m^^ff^r^ 0 %amm<z>m&^ &g$v$m&m*-z>z. 

22c^T i N^tZ^^i^fiSfciX 1 ~X4SOT 1 ~Y4 
^O. l — O. 15%-C^O. X5tY5tCDV^Ttt 
O. 0 5 %JBJrF-T?ifeo^o ^^i^^^fgiJg^c^g^^c^ga 

r^«£^^ 1 9tc^-r. ^ &>\z.. m—mmm-eT i cn® 

4^fr£7tbr:hU;i/0. 1%. 7 9 CC. N2 
Zl (Xl~X5t|^-i«ig) MZ2 (Y1—Y5 

10 ^m—mmm) <&m<z>mfc)&i*>m 1 9 ic^u/^ 

Z 1 SCCS 7. 2 t^T i CNROT i N^coig^M^ O . 

13. 14 jc^-r^^-caraniu^i^m^^ 2 o «c^r„ 

^<^>i«S^^e»2fc^^^&<7)X 1 - X5KOT 1 ~Y 5 fc£Z 
[0 0 7 2] 



O) 



5HD : O . 3 5 mm/ rev 
^UB'JI*™ : 3 04> 



O) 

5HD : O . 3 5 mm/ rev 

0 o imm vMLs 

Wl 9] 



— 22 — 



(23) ZSm^ 7— 100701 



43 44 





I(hkl)/IC220) 


I(311)/I(220) 


I(lll)/I(220) 


[I<311)+I( 111) 1/1(220) 


O — 3 jmn 


0 — 6/zm 




0— BjtiDl 


O- — 3 jan 


0 — 6/*m 


O — 3 /zm 


0 — 6/£Hl 


X 1 


2.5 


2.5 


0.3 


0.3 


0.8 


0.3 


1.1 


1. 1 


X 2 


3-3 


3.8 


Q.5 


0.5 


0.8 


O. 3 


1.3 


1.3 


X 3 


4.0 


5-0 


0.4 


0.4 


1. 0 


1.0 


1.4 


1.4 


X 4 


3-5 


3-8 


1.0 


1-0 


1-0 


1-0 


2.0 


2.0 


X 5 


7.0 


8-5 


0.4 


0.4 


0.9 


0.9 


1.3 


1.3 


Y 1 


2.5 


2-5 


0.3 


0.4 


0.8 


0.9 


1.1 


1.3 


Y 2 


3.3 


3.8 


0.5 


O.S 


0.8 


0-9 


1-3 


1.4 


Y 3 


4.0 


5.0 


0-3 


0.4 


1.0 


1.0 


1.3 


1.4 


Y 4 


3.5 


3.8 


1.0 


1.0 


l.O 


1-0 


2.0 


2.0 


Y 5 


7.0 


8.5 


0.3 


0.4 


0-8 


0.9 


1-1 


1.3 


Z 1 


2.0 


2.3 


0.2 


0-2 


0.7 


0-8 


0.9 


1.0 


Z 2 


1.8 


2.2 


0.2 


0.3 


0.6 


0.8 


0.8 


1- 1 



[0074] 



* [^2 0] 





wm&Wr 1 3 


mmzkvt 1 4 




JSE*£JKim0 






X 1 


O. 225 


0. 185 






X 2 


0.230 


0. 188 






X 3 


0.22G 


0.179 






X 4 


0.213 


0.180 


^iL 




X 5 


O. 215 


0.182 


tt L 




Y 1 


O. 228 


O. 188 






Y 2 


0-226 


O. 186 


*»> <£lO 




Y 3 


D. 220 


0. 190 






Y 4 


0- 213 


O. 179 






Y 5 


0.220 


O. 169 


AC U 




Z 1 


0.250 


0.280 


<^> 




Z 2 


0.258 


0.310 







[ O O 7 5 3 (^JS^I 12) ISO PI O ©CNMG 
1 2 O 4 0 8 CDTi^CDjE^-ffcfP^ >^i}— ;* y h 
<5rU-C^3^, d^MtCgl 9©X1, X4, Yl, Y 

SlS^r^^^iir. U->^X6, X7. Y6, Y7. Z 



13', 14' T^LfCo ^©M*S2 1 tC^-r« 
££33. ^S^cDgafRj^^^^O^^»^ ^5S^J 1 1CD 

sfci*^ mmm&. mm*pmmi±<w^ > 



(24) 4#M^F 7 — 1 O O 7 O 1 

46 

* * [g2 1] 







mm$kw i 4 - 










X 6 


0. 195 


0.172 


*>K> <40 




X 7 


0. 183 


0. 175 






Y 6 


0.200 


O. 175 






Y 7 


0. 202 


O. 179 
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